Background: Capitellar osteochondritis dissecans (OCD) is commonly managed surgically in symptomatic adolesent throwers and gymnasts. Little is known about the impact that surgical technique has on return to sport.
carries the majority of the force across the elbow during valgus loading, a motion that is repetitive in these sports and thought to underlie the pathologic process of OCD development. 5 Microtrauma from compressive and shear forces sustained at the radiocapitellar joint during these activities may lead to microvascular injury in the capitellum, and eventually to OCD.
Patients with early and stable lesions who also have open capitellar physes occasionally heal spontaneously with nonoperative management. 17 The healing potential of advanced lesions is poor with nonoperative treatment measures. 17, 27 When left untreated, the majority of cases result in elbow pain with daily activity at long-term follow-up. 27 Operative management is typically offered for unstable lesions and those who ultimately fail nonoperative management; these lesions have been classically treated with debridement and/or marrow-stimulating procedures. 16, 25 Proposed alternatives to this mode of treatment have been fragment fixation 6, 7, 23, 31 or resection and replacement with osteoarticular autograft transfer (OAT). 15, 30, 34 Previous series have demonstrated infrequent return to sport with nonoperative management 17 or debridement and marrow-stimulation procedures. 24, 25 Perhaps in response to these reports, OAT procedures have gained popularity in recent literature. 14, 15, 22 Current OAT surgical literature is limited to small, single-institution retrospective case series. Comparative studies evaluating differences in return-tosport rates and outcomes as a function of type of operation are limited. The purpose of this study was to evaluate the clinical outcomes and return-to-sport rates after operative management of OCD lesions in adolescent athletes. We hypothesized that return to sport and clinical outcomes would be highest after OAT autograft procedures.
METHODS

Search Strategy
Search strategies were developed with the assistance of a health sciences librarian with expertise in systematic review processes. A review was then conducted according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 20, 21 Comprehensive search strategies including both index and keyword methods were devised for the following databases: PubMed, CINAHL (EBSCO), Embase (Elsevier), SPORTDiscus (EBSCO), and Cochrane Central Register of Controlled Trials (Wiley). No database filters were utilized in an effort to maximize sensitivity. Searches were conducted in September 2015, and results for each database can be found in the flow diagram ( Figure 1 ).
Exclusion Criteria
A total of 1451 references were identified using the aforementioned search strategy. After removal of duplicate references and the addition of references identified through bibliographic review, a total of 896 potential records were identified for screening. References were included during the screening process if they were original articles that described surgical management of OCD lesions of the elbow. Articles were excluded for the following criteria: (1) abstracts, comments, editorials or letters only; (2) non-English language publications; (3) animal studies; (4) technique papers; (5) imaging or anatomic papers; (6) review articles; (7) articles with average age >20 years; (8) articles with <6-month follow-up; (9) articles failing to quantitatively report return to sport; (10) nonoperative management; and (11) mixed treatments with failure to stratify outcomes by operation type. Due to paucity of literature in this area, small case series were included in the screening process. After completion of the screening process, a total of 37 full-text articles were available for in-depth review.
Article Review
Two reviewers (B.K. and K.J.H.) independently evaluated the 37 articles that made it past the search and screening process, identifying articles that met inclusion criteria. In total, 24 studies met inclusion criteria. There was no disagreement between reviewers over included articles; however, a third reviewer (R.W.W.) was available if no consensus was reached on inclusion. Additionally, the bibliographies of each of the 24 selected articles were reviewed for potential articles not identified in the original search strategy, and further articles were found.
Data Assessment
Data from the selected 24 original articles were analyzed by identifying the following information: treatment modality, number of subjects, age of subjects, follow-up period, type of sport, complication, patient outcomes, and return to sport (see the Appendix). In several articles, multiple surgical treatment options were presented, and thus, treatments were subdivided and analyzed independently. The quality of included studies in the present work was assessed according to the Grading of Recommendations Assessment, Development and Evaluation (GRADE) 1 working group by 2 independent reviewers (K.J.H. and R.W.W.). Full-text arƟcles assessed for eligibility (n = 37)
Full-text arƟcles excluded, with reasons* (n = 13)
Studies included in qualitaƟve synthesis (n = 24) Figure 1 . PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart demonstrating the search strategy. After initial review, 37 full-length articles met the criteria for review. Reasons for exclusion at this stage (*) were failure to report return-to-sport data (n ¼ 3), nonoperative management only (n ¼ 2), failure to report outcomes as a function of procedure when multiple procedures were performed in a manuscript (n ¼ 4), average age >20 years (n ¼ 1), and irrelevant topic (n ¼ 3).
Data Analysis
Descriptive statistics, including frequencies for categorical variables and mean ± SD for continuous variables, were conducted using Microsoft Excel (Microsoft Corp). The primary outcome, proportion of participants with return to high/previous level of sport, was calculated for each study and transformed using the Freeman-Tukey double arcsine method. A random-effects model, which accounts for heterogeneity of study design, patient groups, methods, and outcomes of included studies, was used to determine and compare weighted group averages for each operation type using the inverse-variance method. After these analyses, weighted group averages and 95% CIs were backtransformed. 18 Analyses were conducted using R version 3.1.1 (''Metafor'' Meta-Analysis Package for R; R Foundation for Statistical Computing). 32 OpenMetaAnalyst (Brown University) 33 was used to display return to sport with 95% CIs for each study. The overall random-effects pooled estimate for each operation type was also displayed (Figure 2 ).
RESULTS
We found 24 studies ‡ that met inclusion criteria. Outcome data were available on 492 patients with a mean age of 14.3 ± 0.9 years. Primary sport type was reported for 94.3% (464/492) of patients; most commonly reported primary sport of participation was baseball (371/464) followed by gymnastics (35/464).
Return to Sport
Our study identified 492 athletes treated for OCD of the capitellum. At a mean follow-up of 39.8 ± 17.3 months, 424 patients (86%) were able to return to sport. Mean return to sport after surgery was 5.6 ± 2.1 months in the 11 studies that included this information.
Microfracture and Debridement. There were 10 studies [2] [3] [4] 9, 13, 16, 19, 24, 25, 29 that reported return-to-sport data after debridement and microfracture procedures. The mean age of patients in this group was 14.5 ± 1.0 years. The mean follow-up was 39.6 months. Of the 236 patients with OCD lesions treated with debridement and/or microfracture, 168 (71%) returned to their previous level of sport, and 205 (87%) were able to return to any level of sport. The mean time to return to sport was 4.2 ± 1.5 months after microfracture/debridement operations.
Fixation. We identified 6 studies 6, 7, 12, 23, 28, 31 that evaluated return-to-sport data after fixation of capitellar OCD lesions. Several methods of fixation were used, including hydroxyapatite pins, K-wires, and Herbert screws. The mean age of patients in this group was 14.2 ± 0.3 years. The mean followup was 40.4 months. Of the 92 patients with OCD lesions treated with fixation, 59 (64%) returned to their previous level of sport, and 63 (68%) were able to return to any level of sport. There were 4 studies 6, 12, 23, 28 that reported an average time of 5.9 ± 1.1 months from surgery to return to sport.
Osteochondral Autograft. There were 8 studies 8, 10, 14, 15, 22, 26, 30, 34 identified that reported return-to-sport data after osteochondral autograft for treatment of capitellar OCD. One study did not report return to previous level/highest level of sport. 10 Both rib and knee autografts were included. The mean age of patients in this group was 14.1 ± 0.9 years. The mean follow-up was 35.0 months. Of the 164 patients with OCD lesions treated with OAT autograft, 124/132 (94%) returned to their previous level of sport, and 156 (95%) were able to return to any level of sport. There were 5 studies 14, 15, 22, 26, 30 reporting an average time of 5.9 ± 0.9 months from surgery to return to sport.
Statistical Analysis
Of studies that met inclusion criteria, 23 of 24 provided data regarding return to previous level of sport (not simply return to any sport). The mean pooled proportion of return to previous level of sport for OAT was 0.95 (95% CI, 0.89-0.99). This was found to be higher than the mean proportion for debridement procedures (0.62; 95% CI, 0.46-0.77; P < .001) or fixation procedures (0.72; 95% CI, 0.51-0.89; P ¼ .01) (Figure 2 ).
Range of Motion
Nineteen of 24 studies reported pre-and postoperative elbow range of motion. 
Patient-Reported Outcomes
Pre-and postoperative Timmerman-Andrews (TA) scores were recorded in 9 of 24 studies.
§ The mean TA scores preoperatively were 62.57 ± 6.65 for the subjective component and 77.0 ± 4.34 for the objective component. The mean TA scores postoperatively were 93.0 ± 4.44 for the subjective component and 89.33 ± 6.04 for the objective component. Two studies 8, 15 reported Lysholm knee scores after OAT autograft treatment; the mean reported Lysholm score was 99.7. Patient-reported outcomes did not differ between techniques.
Lesion Size
Only 8 studies 7, 8, 16, 23, 25, 26, 30, 31 reported a diameter for size of the OCD lesion undergoing treatment. Sizes of lesions were similar between the debridement group (13.35 mm), the fixation group (11.93 mm), and the OAT group (13.87 mm).
Complications
Assessment of donor site complications were reported in 5 8, 10, 14, 26, 34 of the OAT autograft studies. There were 2 reported cases of donor site morbidity: 1 case of donor site-related anterior knee pain 8 and 1 pneumothorax from rib OAT harvesting. 26 Revision surgery occurred in 22 of 492 patients. The majority of revision surgeries were for debridement/loose body removal (10/22) or implant removal (8/22) . Loose body removal was most common after drilling or microfracture procedures occurring in 9 of 236 (3.81%) cases. Other reasons for revision surgery included conversion of fixation to OAT autograft, 7 fragment revision fixation, 7 and radial head resection for elbow stiffness. 24 There was only 1 reported postoperative infection.
14 There were 8 implant failures 7, 23 and 1 postoperative radial nerve palsy requiring exploration. 7 
Quality Appraisal
The quality of included studies as assessed according to the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) 1 working group was found to be low to very low (see the Appendix). Studies generally consisted of level 4 evidence, were retrospective in nature, and performed as single-institution case series. No studies were randomized or used control groups. Validated outcome measures were rarely used.
DISCUSSION
Good outcomes can generally be expected after surgical management of capitellar OCD lesions in young athletes. Overall, about 86% of patients were able to return to any sport at around 6 months postoperatively. It appears that a greater percentage (95%) of athletes may be able to return to highlevel athletics after OAT autograft compared with either fixation or debridement procedures. Surgical management leads to significant improvements in elbow range of motion and patient-reported outcomes. Complications after surgery are rare, and reoperation was required in less than 5% of patients. Overall, surgeons should expect high levels of return to sport and good clinical outcomes after surgical management of OCD lesions in the capitellum.
Not all cases of capitellar OCD require surgical management. Takahara et al 27 evaluated the outcomes of 24 patients who underwent nonoperative management of capitellar OCD lesions. Nonoperative management was activity restriction for 6 months. At a mean follow-up of 5.2 years, they determined that only 17% of patients were pain free, and 54% had pain with everyday activities. Of 15 cases with follow-up radiographs, 3 cases had healed: all were early-stage OCD lesions. In the same study there were 5 early and stable lesions that failed to heal and were associated with worse outcomes. This suggests initial imaging demonstrating stable lesions should not be an absolute indication for nonoperative management. Rather, patients should be followed clinically, and those who fail to heal, continue to be symptomatic, or progress radiographically should be offered surgery.
OCD of the elbow is a disease of both articular cartilage and subchondral bone. 11 Marrow stimulation and debridement was the mainstay of surgical management in prior decades and continues to have a role today. In fact, many medical insurance programs only cover debridement/microfracture treatments for elbow cartilage disorders such as OCD. The goals of this technique are to remove diseased tissue and blocks to motion and stimulate fibrocartilage ingrowth at the capitellar defect. Diseased subchondral bone or cancellous bone loss are not addressed or restored by this technique. This is evidenced in the work by Baumgarten et al, 2 who observed capitellar flattening on plain films in 50% of patients after abrasion arthroplasty. Return to highlevel sports likely requires lateral column stability in addition to a treated cartilage defect. Marrow stimulation and debridement techniques may produce fibrocartilage over the prior defect without addressing the void of subchondral diseased bone required for lateral support. If the architecture of the capitellum is not restored, the elbow may suboptimally handle valgus loads during high-level competition. A procedure that addresses both the subchondral bone and the articular cartilage may more accurately restore architecture and provide a more favorable rate of return to high-level athletics.
Osteoarticular autograft transfer procedures 14, 15, 22, 26 have the ability to address friable cartilage and diseased subchondral bone while restoring architectural loss associated with OCD. 11 Restoration of structural support to the lateral elbow while concurrently addressing unstable cartilage lesions is a possible explanation for higher rates of return to high-level sports (94%) associated with OAT. To restore the native architecture, however, OAT borrows tissue from other areas of the body, and morbidity from the donor site must be included in the overall assessment of this operation's efficacy. The 2 studies that performed outcome scores on knees after graft harvest in our study reported excellent outcomes, with Lysholm knee scores averaging over 99. 5. 8,15 The only 2 complications after harvest noted in the present study were chronic mild anterior knee pain with stair climbing 8 and a pneumothorax from rib osteochondral harvest. 26 This represents a donor site morbidity rate of 1.2% (2/164). Because of low donor site morbidity and the ability to restore capitellar architecture, some surgeons advocate OAT as a first consideration when operatively treating unstable OCDs in athletes with the goal of returning to sport. Unfortunately, despite a growing body of evidence of utility of OAT, many medical insurance carriers deem OAT to be investigational and will not cover this type of surgery in the elbow.
Unstable OCD lesions treated with fixation appeared to be least likely to return to sport in the present study. Only 64% of patients in the present study were able to return to their previous level of sport after fixation compared with 71% after debridement/stimulation and 94% after OAT autografting. This finding is biologically intuitive when one considers that the disease process affects both articular cartilage and subchondral bone 11 and fragment fixation retains at least some of this diseased tissue. In contrast, debridement procedures and OAT autografting allow for the potential of complete excision of diseased tissue and joint restoration with fibrocartilage or hyaline cartilage, respectively.
The present study has some important limitations worth mentioning. On review of available evidence that met our inclusion and exclusion criteria, study quality as assessed by GRADE 1 was determined to be low or very low. There were a few level 2 and 3 studies found on initial review that had to be excluded as the results were pooled and not stratified by operation type. No study had standardized treatment algorithms with a comparison of outcomes or randomization, leaving all reports open to surgeon selection bias. Validated patient-reported outcomes were not used. Additionally, a short requirement for follow-up (minimum, 6 months) was necessary to make the study of substantial size, and therefore, athletes who return to sport after 6 months may have been missed. This could potentially have caused an underestimation of the true return-to-sport rate. Finally, postoperative rehabilitation protocols may have potentially influenced return to sport and could not be analyzed given limited reporting in the available articles. Further studies with adequate follow-up, conducted in a prospective manner with either comparison groups or randomization, are warranted to detect differences in outcomes according to technique.
CONCLUSION
Overall, 86% of athletes treated surgically for OCD of the capitellum are able to return to some level of sport.
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Operative management of capitellar OCD lesions generally results in improvements in elbow range of motion and patient-reported outcomes, and complication rates are low. Significant differences in return to the previous or highest level of sport are seen depending on which operation is chosen, with OAT autograft outperforming debridement or fixation treatments. 
APPENDIX Quality Appraisal of Studies Reviewed
1 ¼ yes, 0 ¼ no) Control Group (1 ¼ yes, 0 ¼ no) Randomization (1 ¼ yes, 0 ¼ no) Standardization (1 ¼ yes, 0 ¼ no) Selection Bias (1 ¼ yes, 0 ¼ no) Baseline Characteristics (Function) (1 ¼ yes, 0 ¼ no) Follow up >12 mo (1 ¼ yes, 0 ¼ no
